Introduction
Radiation can be classified as ionizing (neutron, proton, alpha, beta, X, gamma rays) or non-ionizing radiation (electro magnetic radiation) depending on its ionizing properties. Non-ionizing radiation begins with extremely low frequency electromagnetic field (ELFMF) and comprises electromagnetic waves such as radio waves, infrared, visible and ultraviolet (UV) rays (6, 12, 13, 18, 20) . The harms of ionizing radiation has been shown by many studies, however, studies on electromagnetic radiation originating from both natural and man-made sources are limited. Particularly, life-long exposure to ELFMF originating from electric lines and electric-electronic home appliances, made scientists focus on investigating the biological effects of this magnetic field formed by that electromagnetic wave.
Those investigations are consisted of a wide range of trials including in vitro cellular studies and in vivo studies on laboratory animals alongside clinical and epidemiological researchs (4, 8, 10) . Previous studies showed manganese as an element playing an important role on development of bone structure. Manganese intake may vary depending on factors such as unprocessed cereals, leaf vegetables, and drinking tea (14) .
In the present study, effects of ELFMF and manganese over mineral density and teeth histology of head and jaw bones of the rats, were investigated.
Materials and Methods
In the present study, 4-month-old male Wistar albino rats were divided into 8 groups. First 3 groups were subjected to manganese and magnetic field (MF) of 1mT and 50Hz frequency (4hr a day), which was obtained by application of alternative current (AC) originating from power sources through Helmholtz coils. The fourth group was subjected to MF only for 4 hours a day. The 5th, 6th, and 7th groups were delivered with 60 mg/kg, 15 mg/kg and 3.75 mg/kg Manganese, respectively. No treatment was carried out on the 8th group of rats. Manganese and magnetic field procedures were continued for 45 days, and the system was placed into a Faraday cage (130×65×80 cm) that earthed shielding against the electric component (fig 1). 
fig. 1. MF procedure within Faraday and plexiglass cages
Plexiglass cages were used to enable a smooth access of MF. Mandibular incisors of the rats that were sacrified following the study, were put into paraffin blocks after decalcification and sections were obtained. Histologic sections were dyed with hematoxylin-eosin, hematoxylin Van Giesson and microscopic examinations were performed.
Anterior jaw (R1) and whole cranium (R2) mineral content of all the rats, before and after the procedure, were determined by bone mineral densitometry (Dexa) as g/cm 2 ( fig. 2) Second group (Mn 15g+MF) revealed an increase in cellular components of the pulp, a better structure of fibrous tissue compared to the 1st group, and dilated blood vessels.
Third group (Mn 3.75+MF) revealed a partial increase in number of fibroblasts in the connective tissue, collagen fibrils in normal appearance, and dilated blood vessels.
Fourth group (MF) revealed collagen fibrils in normal structure, dilated blood vessels, and an increase in the number of mucous connective tissue cells due to ELF procedure ( fig. 8). 
fig. 8. Fourth group ELFMF (Hematoxylin Van Giesson, X200)
Fifth group (Mg 60g) group revealed cells aligned on the peripheral portion, a pulp connective tissue without fibrous structure, and a reduction in cell number as a result of the degeneration of cells in the mucous connective tissue ( fig. 9) . fig. 9 . Fifth group, Mn 60 mg/kg (Hematoxylin-eosin, X200) Sixth group (Mg 15g) revealed fibroblasts appearing like fibrocytes and partially affected fibrous structure when compared to the 5th group.
Seventh group (Mg 3.75g) showed a pulp tissue close to normal.
Eighth group (cage control) revealed a normal mucous connective tissue structure of pulp. Fibroblasts, and collagen fibers were of normal pattern, and the vascular tissue had a normal structure ( fig. 10) .
Majority of studies failed to explain the effects of ELFMF on human health in a complete fashion. While there are studies which showed that it activates bone formation and development, inhibits osteoclastic activity, contributes to the healing process of bone fractures, helps granulation and fibrous tissue formation in wound healing, and that dwelling close to ELFMF on its effects over dental tissues and mineral structures. While a study indicated ELFMF as non-would not be a risk, there are also studies indicating that it affects immune system, induces carcinogenic effects such as leukemia, and generates neurologic diseases, endocrine system disorders, degenerative heart diseases, vascular damage, and emphysema in lungs (3, 4, 6, 8, 10, 11, 12, 13, 15, 16, 18, 20) . There are very limited number of studies conducted influential on clinical and laboratory. One of them which is on the ELFMF stimulation doesn't promote gains in clinical attachment or alveolar bone level to the extend that it can be adjunct to conventional periodontal therapy (17) , another study indicated that direct electric current is a potent biological means to initiate and/or accelerate periodontal tissue and alveolar bone turnover by affecting cellular enzymatic phosphorylation activity (5).
In the present study, according to the results of the bone densitometry measurements obtained from head and jaw regions of rats subjected to ELFMF and manganese procedures, mineral amounts were found to be elevated as the manganese dose increase significantly (p<0.05) in ELFMF-Mn and Mn groups, particularly in R1 region compared to the R2 region.
In R1 and R2 region, the groups, subjected to MF alone, 3.75 mg/kg Mn + MF, 15 mg/kg Mn+MF, 3.75 mg/kg Mn, and 15mg/kgMn, along with the control group, did not show any significant changes (p>0.05).
We could not compare the results from the present study due to the absence of the related literature in dentistry, however, our results were parallel with the studies showing that ELFMF application increase bone formation and mineral content (1, 2, 3, 7, 9, 11, 19) .
As the applied manganese doses were elevated, parallel increases were determined in bone densitometry data of R1 and R2 regions, suggesting that manganese might have affected the mineral tissues of teeth. The results of previous studies (14) indicating that manganese has an important role on bone development and mineralization through various enzymatic systems, were parallel with these from the present investigation.
conclusions
In the present study, we observed alterations in mineral densitometry results and histologic changes in tissue structure in cranial and jaw bones as a result of the manganese and MF procedures.
The results obtained from the present study, suggested that Mn and ELFMF procedures affect mineral content of the jaw and cranial regions in rats. However, we believe our results, which were obtained from studies on animals, should be further investigated by histologic, endocrinologic, and epidemiologic studies.
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